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NOMENCLAURE

number of students moving from one semester to another /unit time.

With ST subscript refers to student hold-up or storage.

Subscripts

T
y

T
x

'ST

43,

number of students transferred out/unit time.
o

, Amber of students transferred in/unit time.

the storage of students or the number of students

back/unit Ome.

0,1,2,3,etc: refers to semesters.

Superscripts

1,2,3,etc. refer' to semesters.

S refers to entire flow system.

i refers to semester index.
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Introduction

Little or no effort is put into the study of student flow systems at

the small college level. However, it is possible to apply simple contin-

uity along with graph theory to produce helpful acadethic system analysis

techniques which may be utilized by the college to generate important data

;
) I

on a continuous basis. ;lost of the information shown here will be new and

helpful to small liberal arts colleges. It is to be expected that large-Q

universities should'be applying this approach (or similar approaches)

rather routinely.
Or

As will be noted mostbf the calculations can easily be done oy hand

by someone in the office of the dean once the model has been clearly ex-

plained. Widener College academic system analysis has been in extstence.

for about five years with a relatively large store of historical data being

produced by hand calculations.

The General Concept

The principal concept inherent in the techntque. is tp lay out a graph

of all semesters or nodes (0, 1, 2,.3, etc. to'9) along with' an input

(transfer in) block and an output block (transfer out) Arcs are connected

from dbdedzero (high school) to node nini4graduation). These are all placed

in a time forward position. Into and out of each node. (except 0 and v)

transfer flow arcs are placed; this forms a graphital format as shoin in

Figure I. The transfer blocks can be analyze with-regard to "Centers",

orPColleges" .which would be rows of the block a columns refer to the

semester (or node) in which thetransfer was made. One might discuss the

student flow system as being tomPosed of a simple network with multiple

inputs and outputs.
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Mathematical Asnects of Student Flow System

Figure 1 may be represented in another mode with inputs, outputs and

storages shown.. Note the arc flow symbols:

S
01' S12, S23,

Sa etc. are inputs into nodes 1, 2, 3, 4, etc.

S
01'

S
12,

S
23'

S
34'

etc are outputs from nodes 0, 1, 2, 3, etc.

.S
TX '

S
TX '

S
'
S
TX

1. 2 3 4
, etc. are student transfers into nodes 1, 2, 3, 4, etc.

STy
I

, STy
2

, STy
3

, STy
4

,
etc. are student transfers out of nodes 1, 2, 3, etc.

The Use of Continuity

r"\

The nodal balancesisemester balances) or continuity lialances are

now written using the word equation below:

Student Flow Student Flo Storage =

Out of Node Into Node
of

Students
%

. ..
.

Let. the superscripts be the node under analysis. Also, x as a sub-

script designates an input; y as an output.

Semester Balances (5)

For semester one (node I):

Flow out Flow in Stotle
e"'"N 1 itm"-- 1

s
12

+ S
TY

- S
01

- S
T

+-57- =0
ST

Semester 2:

2 2 2 2
S
23

+ S
TY

- S
12

- S
TX

2
+ S

ST
= 0

Semester 3:

3 3 3 3 3
S
34

+STY -S23 -STX +SST = 0

Semester 8:

S
89

8
+ S

TY

8
7

- S
TX

8
+ S

ST
8

. 0
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If the equations for all nodes are added then an overall 6 1

//
ty

results for the system.

Overall Balance

'89 'TY
1

STY
/ , 3

'TY- STY8) S131 (STX1 STX2 SITX3

- - S
8)

S
s n

TX -ST (6)

Generally the nodal balances can be shown as: 4

s
, 1) (STY

1 si(
1),i TY TX

) +
ST

s1,0 +
s

= the semester under analysis

Example: i = 1

1
S
12

1 - S
01

+ (S
TY

-
1 = 0

Tx + S
ST

1=2

0 (7)

(8)

ce

5
23

2
- 512

2
S
TY

- S
TX

)
2
+ SST = 0

(9)

2

Etc.

Expression (7) and (6) are in essence all that is need to study a

particular graduation class. For one interested in showing or using this

approach in matrix form equations (2), (3). (4) etc.may be placed in

matrix notation.
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Solution to Simple Problem

In equation (10) it is obvio"hat eight simultaneous equations gist..

This then permits eight unknowns to be present in the model. Atypical

problem might be ,to calculate all of the, inputs on transfers for a specific

class. See Figure 2 for completed flow chart.

Given Data`

Inputs: Outputs:

1
-

1

SO1 100 S12 - 92

2
92 S232 = 860S12 -

S23
3

= 86 5343 - 85

5344 = 85 5454 = 78

5455S = 78 556
6

= - 76

5566 76 S676 = 75

5677 = 75 5787 = 75

S788 = 75 S898 = 75

Transfer Inputs:

5

STX
1

1 S
TX

= 0

S
TX

2
= 1 S

TX

6
='0

3 7 '
St( = pS

TX
= 7

TX

4
= 2 S

TX

8
= 0

. -

Assume No
Storage.

Tlerefore:

S
ST,

1
,
SST?

Etc = U

Unknowns:

SlS 2S 3S 4 S5S 'S S
Y
8 ,

A.
STY 1' TY ' TY ' TY ' STY S' STYE' TY ' T

1

Putting the known values of the symbols shown in (10) into that

equation gives:

8

1/4



C
O

A
M

.

92 86 85 78 76 75 75 75
11

.
11

IP
&

10
0

92 86 85 78 76 75 75

0
0 0

0
0

0
0

0 0
0 0

0
0

S
o
l
v
i
n
g
 
e
x
p
r
e
s
s
i
o
n

(1
2)

fo
r 

th
e 

tr
an

sf
er

(S
T

Y
1

-
1)

(S
T

y2
 -

 1
)

(S
T

y3
 -

 7
)

(S
T

y4
 =

 2
)

(S
T

y5
 -

 0
)

(S
T

y5
 -

 0
)

(S
T

Y
7

- 
°)

- 
0)

-

m
at

rix
 g

iv
es

:
*O

M
,

M
I

8 6 1 2 0

(1
2)

(1
3)



(p1)

6..

A

40



E ,quation (14) is the solution for all output transfers ?or a part-

icular class and in a particular "college or center" (see Figure 2for com-

pleted flow graph). It is rather simple to put all center or college data

into a computer in conjunction wfth this model (equation 10 or 11); tills ism

a student flow model.- University.administi.ators could use these models

quite easily to represent .a student flow model for the entire institution and

could interrogate the computer any time to obtain an up-to-date picture of

the student flows.

Conclusion

A student flow model has been formed from the continuity principle in

order to determine
student'flows.. Models for all centers or colleges can

be heldoin a computer for future interrogation by interested administrators.

4 q



f

1
2

3
4

i
5

T
y

T
y

a T
y

,S
T

y
O

T
y

IP

S
7

8

T
y

T
y

F
ig

ur
e

I
S

tu
de

nt
 F

lo
w

 S
ys

te
m

W
ith

T
ib

w
s



o. 

Center 

1 0 -T. 0 0 -et 
a 
co 0-%-s 

CD 
-s 

= . 
act 

ciz 
0000 3' - 0 0= O o 0 

0 0 0 0 

0000 4 

e 


